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ABSTRACT	
Indonesia	territorial	waters	are	very	vulnerable	to	the	impacts	of	climate	change.	Research	about	the	variations	of	sea	surface	
temperature	 and	 chlorophyll-a	 concentration	 in	 the	 southern	 waters	 of	 Java	 has	 been	 undertaken	 by	 several	 researchers.	
However,	the	research	is	still	in	the	scope	of	regional	scale	south	of	Java.	This	research	was	conducted	to	determine	the	impact	
of	climate	change	on	sea	surface	temperature	and	chlorophyll-a	concentration	in	Sukabumi	waters.	The	data	used	consisted	of	
IOD	index	anomalies,	sea	surface	temperature	and	monthly	chlorophyll-a	concentrations	from	December	2002	to	November	
2020.	Descriptive	analysis	was	used	to	determine	seasonal	and	inter-annual	variability	and	linear	regression	method	was	used	
to	analyze	trends	in	changes	 in	sea	surface	temperature	(SST)	and	chlorophyll-a	concentration.	The	results	showed	that	the	
seasonal	variation	was	influenced	by	the	monsoon,	while	the	interannual	variation	was	influenced	by	the	Indian	Ocean	Dipole.	
Climate	change	causes	SST	and	chlorophyll-a	concentrations	to	increase.	In	the	2003-2020	time	period,	SPL	increased	by	0.08	
°C	and	an	increase	in	chlorophyll-a	concentration	by	0.03	mg/	m3.	
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ABSTRAK	
Perairan	selatan	Sukabumi	yang	berhadapan	langsung	dengan	samudera	Hindia	sangat	rentan	terhadap	dampak	perubahan	
iklim.	Penelitian	mengenai	variasi	suhu	permukaan	laut	dan	konsentrasi	klorofil-a	di	perairan	selatan	Jawa	sudah	dilakukan	oleh	
beberapa	 peneliti	 sebelumnya.	 Namun	 penelitian	 tersebut	masih	 dalam	 lingkup	 skala	 regional	 selatan	 Jawa.	 Penelitian	 ini	
dilakukan	untuk	mengetahui	dampak	perubahan	iklim	terhadap	suhu	permukaan	laut	dan	konsentrasi	klorofil-a	di	Perairan	
selatan	Sukabumi.	Data-data	yang	digunakan	terdiri	dari	indeks	IOD,	suhu	permukaan	laut	dan	konsentrasi	klorofil-a	bulanan	
periode	Desember	2002	hingga	November	2020.	Metode	yang	digunakan	dalam	penelitian	 ini	 adalah	analisis	deskripsi	dan	
regresi	linier.	Hasil	penelitian	menunjukkan	bahwa	variasi	musiman	suhu	permukaan	laut	dan	konsentrasi	klorofil-a	di	perairan	
ini	 dipengaruhi	 oleh	 monsun,	 sedangkan	 variasi	 antar	 tahunan	 dipengaruhi	 oleh	 Indian	 Ocean	 Dipole.	 Perubahan	 iklim	
menyebabkan	 suhu	permukaan	 laut	dan	konsentrasi	klorofil-a	mengalami	kenaikan.	Dalam	periode	waktu	2003-2020	 suhu	
permukaan	laut	mengalami	kenaikan	sebesar	0,08 °C	dan	kenaikan	konsentrasi	klorofil-a	sebesar	0,03	mg/m3.	

Kata	kunci:	perubahan	iklim,	SPL,	konsentrasi	klorofil-a,	MODIS,	IOD	
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1.	Introduction	

The	increase	of	greenhouse	gases	emitted	into	the	
atmosphere	are	drive	the	global	warming	which	cause	
climate	 change.	 The	 greenhouse	 gases	 in	 the	
atmosphere	including	carbon	dioxide	(CO2),	methane	
(CH4),	 nitrogen	 oxides	 (N2O),	 sulphur	 hexafluoride	
(SF6),	 perfluorocarbons	 (PFCs)	 and	
hydrofluorocarbons	 (HFCs).	 Indonesia	 as	 an	
archipelago	country	in	the	tropics	is	very	vulnerable	to	
the	impacts	of	climate	change.	The	negative	impacts	of	
climate	 change	 in	 Indonesia	 including	 changes	 in	
rainfall	 patterns,	 seasonal	 shift,	 rising	 temperatures,	
sea	 level	 rise,	 increasing	 hydrometeorological	
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disasters	and	biodiversity	loss	(Susandi,	2006;	Measey,	
2010).	

One	of	the	impacts	of	climate	change	on	the	marine	
sector	is	the	shift	of	fish	resources	from	tropical	areas	
(low	 latitudes)	 to	 sub-tropical	 areas	 (IPCC,	 2014;	
Syahailatua,	 2008).	 The	 stock	 of	 marine	 fishery	
resources	 in	 the	 tropics	has	decreased.	The	southern	
region	 of	 Java,	 which	 is	 part	 of	 the	 management	 of	
marine	and	fisheries	resources	in	WPPNRI	573,	has	a	
decrease	 in	 productivity,	 the	 farther	 fishground	 and	
fish	shrink	size	(Jayawiguna	et	al.,	2019).	

	The	dynamics	of	the	waters	of	Sukabumi	which	is	
the	 southern	 part	 of	 Java	 waters	 are	 influenced	 by	
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south	java	coastal	current	and	south	equatorial	current	
(Wyrtki,	 1962).	 In	 addition,	 the	 dynamics	 of	 these	
waters	are	also	influenced	by	the	Indian	Ocean	Dipole	
(IOD)	 phenomenon.	 IOD	 is	 a	 phenomenon	 of	 ocean-
atmosphere	 interaction	 that	 occurs	 in	 the	 tropical	
Indian	Ocean.	Beside	the	impact	on	changes	in	marine	
environmental	 conditions,	 IOD	 phenomenon	 also	
affects	 the	 dynamics	 of	 the	 atmosphere	 of	 the	
surrounding	environment.	

Research	 about	 the	 variations	 of	 sea	 surface	
temperature	 and	 chlorophyll-a	 concentration	 in	 the	
southern	 waters	 of	 Java	 has	 been	 undertaken	 by	
several	 researchers	 (Currie	 et	 al,	 2013;	 Gaol	 et	 al,	
2015).	 However,	 the	 research	 is	 still	 in	 the	 scope	 of	
regional	scale	south	of	Java	with	low	spatial	resolution.	
Moreover,	previous	studies	have	not	included	climate	
change	factors.				

Changes	 in	 sea	 surface	 temperature	 and	
chlorophyll-a	 concentrations	 significantly	 disrupt	 the	
productivity	of	marine	resources.	The	impact	of	climate	
change	 has	 caused	 changes	 in	 the	 environmental	
conditions	of	the	southern	water	of	Java	(Martono	et	al.,	
2020).	 The	 southern	waters	 of	 Sukabumi,	which	 are	
part	of	the	east	pole	of	IOD,	are	very	important	to	study.	
The	 impact	 of	 climate	 change	 causes	 frequency	
increase	of	IOD	events	

Therefore	 ,	 it	 is	 important	 to	 conduct	 research	
related	to	the	impact	of	climate	change.	The	purpose	of	
this	 study	 was	 to	 determine	 the	 impact	 of	 climate	
change	on	sea	surface	temperature	and	chlorophyll-a	
concentrations	in	south	Sukabumi	waters.	

2.	Method	

2.1	Study	Area	

The	 study	 location	 was	 Sukabumi	 waters,	 West	
Java	located	at	105o	48′	0"	–	107o	4′	0′′	BT	dan	6o	48′	0"	
–	8o	48′	0"	LS	as	shown	in	Figure	1.	

	
2.2	Data	Collection	

The	 data	 used	 consists	 of	 monthly	 sea	 surface	
temperature,	 monthly	 chlorophyll-a	 concentration,	
and	 IOD	index.	The	monthly	sea	surface	 temperature	
and	chlorophyll-a	concentration	data	from	2003-2020	
were	level	3	fields	provided	by	the	NASA	Ocean	Color	
(http://oceancolor.gsfc.nasa.gov).	 The	 level	 3	
productwas	collected	in	TIF	format	with	4	x	4	km	image	
resolution.	IOD	Climate	variability	index	data	used	DMI	
(Dipole	Mode	Index)	from	the	Japan	Agency	for	Marine-
Earth	 Science	 and	 Technology	
(http://www.jamstec.go.jp).	

	
	

2.3	Data	Analysis	

The	 method	 used	 in	 this	 research	 is	 descriptive	
analysis	 and	 linear	 regression	 analysis.	 Descriptive	
analysis	 is	used	 for	analysis	of	 seasonal	patterns	and	
variability.	Meanwhile,	 linear	 regression	was	 used	 to	
analyze	 the	 trend	 of	 changes	 in	 sea	 surface	
temperature	(SST)	and	chlorophyll-a	concentration.

	

	
Figure	1	Research	location	on	Sukabumi	waters	
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This	study	also	analyzed	the	impact	of	IOD	events	
on	 sea	 surface	 temperature	 and	 chlorophyll-a	
concentration.	 Monthly	 sea	 surface	 temperature	 and	
chlorophyll-a	concentration	data	were	converted	into	
climatological	 averages.	 Furthermore,	 the	 average	
seasonal	representing	the	western	season	(December	
to	February),	the	first	transitional	season	(March-May),	
east	monsoon	(June	to	August),	the	second	transitional	
season	(September-November)	and	annual	anomalies	
were	 calculated.	 Annual	 anomaly	 data	 is	 used	 to	
determine	the	trend	rate	and	impact	of	IOD	on	in	sea	
surface	temperature	and	chlorophyll-a	concentrations	
changes.	

3.	Result	and	Discussion	

The	 seasonal	 variation	 of	 SST	 and	 chlorophyll-a	
concentration	in	Sukabumi	waters	is	shown	in	Figure	
3.	 SST	 during	 the	west	 season	 (December-February)	
and	 the	 first	 transitional	 season	 (March-May)	 was	
warm	 with	 an	 averaged	 29.44	 °C,	 then	 decreases	
drastically	 during	 the	 east	 season	 (June-August)	 and	
the	second	transitional	season	(September-November)	
with	 the	 lowest	 average	 value	 27.18	 °C.	 The	
concentration	of	chlorophyll-a	during	the	west	season	
and	 the	 first	 transition	 season	 was	 low	 about	 0.2	
mg/m3,	then	increases	when	entering	the	east	season	
and	 the	 second	 transitional	 season	 with	 the	 highest	
average	value	0.78	mg/m3.	

Figure	 3	 shows	 the	 seasonal	 pattern	 of	 SST	 in	
Sukabumi	 waters.	 In	 the	 west	 season	 and	 the	 first	
transitional	season,	the	distribution	of	SST	is	relatively	
homogeneous	 with	 values	 about	 	 29	 °C.	 In	 the	 east	
season	 and	 the	 second	 transitional	 season,	 the	
distribution	of	SST	varies	between	26–28	°C.	In	the	east	
season	and	the	second	transitional	season,	the	coastal	
areas	are	relatively	cooler	than	offshore	area.	

The	 seasonal	 pattern	 of	 chlorophyll-a	
concentration	in	Sukabumi	waters	is	shown	in	Figure	
4.	The	concentration	of	chlorophyll-a	during	the	west	
season	and	the	first	transitional	season	in	coastal	areas	
is	higher	than	offshore.	In	the	eastern	season	and	the	
second	 transitional	 season,	 the	 concentration	 of	
chlorophyll-a	 has	 increased	 significantly	 and	 spread	
over	almost	all	water	areas.	

	

	
Figure	2	Seasonal	variations	of	SST	and	Chlorophyll-a	in	Sukabumi	
waters.	

	
Figure	3	Seasonal	pattern	of	SST	in	Sukabumi	waters	
	
	

	

Figure	 4	 	 Seasonal	 patterns	 of	 chlorophyll-a	 concentrations	 in	
Sukabumi	waters	
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Figure	5	Inter-annual	variation	of	SST	anomaly	and	Chlorophyll-a	anomaly	in	Sukabumi	waters		

The	 seasonal	 pattern	 of	 chlorophyll-a	
concentrations	 in	 Sukabumi	 waters	 shows	 that	 the	
chlorophyll-a	 concentration	 increases	 in	 the	 east	
season	 and	 the	 second	 transitional	 season	 with	 an	
average	 value	 0.89	mg/m3,	while	 the	 lowest	 average	
value	 occurs	 in	 the	western	 season	with	 an	 average	
value	 0.20	 mg/m3.	 The	 results	 of	 this	 study	 also	
indicate	 that	 chlorophyll-a	 concentrations	 tend	 to	
increase	in	coastal	areas.	

The	 inter-annual	 variation	 of	 SST	 anomaly	 and	
chlorophyll-a	 concentration	 in	 Sukabumi	 waters	
fluctuated	as	shown	in	Figure	5.	A	significant	increase	
in	 SST	 occurred	 in	 2010	which	 reached	 1.25	 °C	 and	
2016	 reached	 1.68	 °C,	 while	 a	 significant	 decrease	
occurred	 in	 2006	 about	 -0.9	 °C.	 Meanwhile,	 a	

significant	increase	in	chlorophyll-a	occurred	in	2006	
reaching	0.72	mg/m3	and	a	decrease	occurred	in	2010	
reaching	-0.31	mg/m3	and	2016	reaching	-0.33	mg/m3.	
This	significant	change	was	indicated	as	a	result	of	the	
influence	of	IOD	events.	

Figure	6	(a)	shows	the	pattern	of	SST	anomalies	in	
Sukabumi	waters	in	the	2003–2020.	In	general,	SST	in	
the	 southern	waters	 of	 Sukabumi	 has	 increased.	 The	
increase	in	SST	in	coastal	waters	tends	to	be	stronger	
than	 in	 offshore	waters.	 The	 highest	 increase	 in	 SST	
occurred	in	Palabuhanratu	Bay	which	reached	1.2	°C.	
Figure	6	(b)	shows	the	anomaly	pattern	of	chlorophyll-
a	 concentrations	 in	 Sukabumi	waters	 in	 2003–2020.	
The	anomaly	average	of	 chlorophyll-a	concentrations	
around	the	coast	is	higher	than	in	other	areas.	

	
	

	
(a)	

	
	

	
(b)	

Figure	6	(a)	SST	anomaly	pattern	in	Sukabumi	waters	(b)	Chlorophyll-a	anomaly	pattern	in	Sukabumi	waters	
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The	 results	 of	 this	 study	 show	 the	 variability	 of	
seasonal	 and	 interannual	 in	 SST	 and	 chlorophyll-a	
concentrations.	The	spatial	and	temporal	variations	of	
SST	 and	 chlorophyll-a	 concentration	 in	 Indonesian	
waters	are	influenced	by	monsoon	winds	and	climate	
phenomena	 such	 as	 the	 Indian	 Ocean	 Dipole	 and	 El	
Niño	 (Natalia,	 2015).	 Seasonally,	 the	 highest	 average	
SST	 29.55	 °C	 occurs	 in	 the	 first	 transitional	 season,	
while	the	lowest	average	27.05	°C	occurs	in	the	second	
transitional	season.	The	results	of	this	study	are	similar	
with	 the	 results	 of	 research	 conducted	 by	 Martono	
(2016)	which	states	that	SST	in	the	southern	waters	of	
Java	 (including	 Sukabumi	 waters)	 increases	 in	 the	
western	season	and	the	first	transitional	season,	while	
the	lowest	SST	occurs	in	the	second	transitional	season.	

During	west	season,	SST	increase	because	the	sun’s	
position	 in	 the	 southern	 hemisphere	 results	 in	 high	
solar	radiation	in	southern	water	of	Sukabumi.	During	
the	rainy	season	the	chlorophyll-a	concentration	in	the	
coastal	 area	 is	 higher	 due	 to	 increased	 nutrient	
elements	 from	river	 run-off.	The	 increase	 in	nutrient	
elements	 in	 coastal	 areas	 will	 be	 followed	 by	 an	
increase	in	chlorophyll-a	concentrations.	

In	 the	 east	 season	 and	 the	 second	 transitional	
season	 SST	 has	 decreased	 and	 the	 chlorophyll-a	
concentration	 has	 increased	 in	 all	 waters.	 This	 is	
similar	 with	 research	 conducted	 by	 Habibi	 (2012)	
which	states	that	chlorophyll-a	concentrations	begin	to	
increase	 in	 the	east	 season	 and	decrease	 in	 the	west	
season.	 This	 significant	 change	 is	 caused	 by	 the	
upwelling	 process	 in	 southern	 Java	 which	 occurs	
between	 the	 eastern	 season	 and	 the	 second	
transitional	 season	 (Wyrtki,	 1962;	 Qu	 et	 al,	 2005;	
Kunarso	 et	 al,	 2011).	 Upwelling	 is	 the	 process	 of	
increasing	the	mass	of	water	from	the	bottom	layer	to	
the	surface	layer	(Bowden,	1983).	This	increased	water	
mass	has	cold	 temperatures,	high	salinity	and	rich	in	
nutrient	 elements	 (Surinati,	 2009).	 The	 upwelling	
process	in	the	southern	waters	of	Java	is	closely	related	
to	the	southeast	monsoon	(Susanto	and	Marra,	2005).	

In	 2016	 SST	 increased	 significantly	 and	
chlorophyll-a	 concentration	 decreased	 significantly.	
This	 condition	 is	 caused	 by	 IOD	 events.	 In	 2016,	 a	
negative	phase	of	IOD	occurred	as	shown	in	Figure	8.	
The	IOD	index	from	May	to	November	showed	a	fairly	
high	decline	reaching	more	than	-1	°C.	The	same	result	
is	 shown	 by	 Yoga	 et	 al.	 (2014)	 that	 at	 the	 time	 of	
negative	phase	IOD,	SST	in	southern	Java	increased	and	
colorophyll-a	decreased.	

	
Figure	8	2016	monthly	IOD	index	

	
Figure	9	Negative	Phase	IOD	(https://www.climate4life.info)	
	

The	mechanism	of	the	2016	negative	phase	IOD	is	
shown	in	Figure	9.	There	has	been	a	strengthening	of	
the	intensity	of	surface	winds	moving	from	the	western	
Indian	 Ocean	 to	 Indonesia	 territory.	 This	 condition	
causes	 the	 warm	 water	 masses	 are	 also	 moving	 to	
Indonesia	 territory	 ,	 so	 the	 surface	 temperatures	 in	
south	Java	sea	is	warmer	than	normal	conditions.	Due	
to	 intensive	 input	 of	water	masses	 from	 the	western	
Indian	 Ocean,	 there	 is	 a	 buildup	 of	 water	 mass	 and	
thermocline	layer	decrease.	This	causes	upwelling	does	
not	 occur,	 the	 reverse	 process	 downwelling	 occurs.	
This	mechanism	caused	during	 the	negative	phase	of	
2016	 IOD	 there	 was	 chlorophyll-a	 concentration	
decrease	in	south	Sukabumi	waters.	

	

4.	Conclusion	

Based	 on	 the	 analysis	 of	 the	 results,	 it	 can	 be	
concluded	 that	 the	 seasonal	 and	 inter-annual	
variations	 in	 SST	 and	 chlorophyll-a	 concentration	 in	
Sukabumi	waters	are	influenced	by	monsoons	and	IOD.	
In	 the	 negative	 phase	 IOD,	 SST	 increased	 and	
chlorophyll-a	concentration	decreased.	Climate	change	
has	an	impact	on	SST	and	chlorophyll-a	concentrations.	
In	the	2003-2020	period,	SST	in	these	waters	increased	
by	0.08	°C	and	chlorophyll-a	concentrations	increased	
by	0.03	mg/m3.	
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